Epistaxis is common in children. Thirty percent of children younger than 5 years, 56% of those 6 to 10 years old, and 64% aged 11 to 15 years have at least one nosebleed attack.
Introduction
Epistaxis is common in children. Thirty percent of children younger than 5 years, 56% of those 6 to 10 years old, and 64% aged 11 to 15 years have at least one nosebleed attack. 1 Epistaxis is classified as anterior or posterior based on the primary bleeding site. Most childhood epistaxis is spontaneous anterior and self-limiting in nature. 2 In most children, epistaxis originates from the Little area, which is located at the anterior region of the nasal septum, where several terminal vessels anastomose with each other forming a plexus (Kiesselbach plexus) under the nasal mucosa. 3 Atmospheric conditions may be linked with the rates of epistaxis. Fluctuations in temperature and humidity are associated with nasal mucosal changes in the Little area and are known to affect the incidence of epistaxis. 3, 4 Most studies in the literature suggest that epistaxis occurs more frequently in the winter months because of an increased prevalence of upper respiratory tract infections and mucosal dryness caused by low humidity. Low atmospheric temperature has been linked with increased rates of epistaxis in some recent studies, [4] [5] [6] [7] [8] [9] [10] [11] whereas other reports suggest a relationship with high temperature.
12, 13 Bray et al reported no meteorologic factors or seasonal preponderance of epistaxis. 14 Patient groups in these previous studies consisted of adult or mixed populations of adult and pediatric patients. Epistaxis in adults, however, is considered a different condition than epistaxis in children, with anticoagulant use and hypertension being common factors in adults. Further, posterior epistaxis is more common in adults than in children. 15 Air pollution has significant negative effects on health. Exposure to high concentrations of pollutants may result in an increased frequency of epistaxis. Only a few studies in the literature have investigated the effect of atmospheric pollutant concentrations on the frequency of epistaxis. 16, 17 Air pollution shows seasonal variations and is associated with meteorologic factors. The effect of air pollution on rates of epistaxis may be due to a direct effect of pollutants on the nasal mucosa or a secondary effect that is mediated by other factors such as an increase in blood pressure. 16 To our knowledge, no study in the literature has evaluated the effect of air pollution and meteorologic conditions on the incidence of epistaxis in the pediatric population. Thus, we aimed to evaluate the effect of meteorologic conditions and air pollution on the frequency of epistaxis in children. R04.0 was the primary diagnosis code for all patients. Cases of postoperative epistaxis and patients with major nasal trauma, intranasal mass, or foreign body were excluded. In addition, patients who had a bleeding disorder, systemic disease such as hepatic or renal insufficiency, hereditary hemorrhagic telangiectasia, and those who had a history of anticoagulant or antiplatelet drug use were excluded from the study.
Patients and methods
The meteorologic data were provided by the Turkish State Meteorological Service. Air pollution parameters were obtained from the Konya Metropolitan Municipality website (http://www.konya.bel.tr/havakalitesi. php). Average daily temperature (T AV )( 0 C), daily maximum (T MAX ) and minimum (T MIN ) temperature ( 0 C), the difference between the maximum and minimum daily temperature (T DIF )( 0 C), average daily relative humidity (HUM AV )(%), daily maximum (HUM MAX ) and minimum (HUM MIN ) humidity (%), the difference between the maximum and minimum daily relative humidity (HUM DIF )(%), average daily atmospheric pressure (P ATM ) (hPa), average daily atmospheric water vapor pressure (P WV )(hPa), average daily concentration of particulate matter <10 µm in diameter (PM 10 Statistical analysis. All analyses were performed using the Statistical Package for the Social Sciences for Windows version 15.0. Mean and standard deviation were used for continuous variables and frequency, and percentages were used for categorical variables explaining descriptive statistics. The K-dependent Friedman test was used for monthly and seasonal comparison of parameters. The Pearson correlation coefficient was used for detecting the relationship between parameters, and the Spearman correlation coefficient was used for detecting the relationship between the SO 2 levels and other parameters. For graphics, all values were normalized and standardized. A p value of <0.05 was considered statistically significant.
Results
A total of 1,559 patients had a primary diagnosis of epistaxis. After patients with coexisting pathologies were excluded, 1,330 subjects remained. The mean age of the patients was 92.5 ± 44.62 months (range: 9 to 192 months). A total of 782 patients (58.8%) were boys and 548 (41.2%) were girls.
Standardized and normalized frequency of cases and monthly temperature parameters during the 5-year study period are shown in figure 1. July had the highest daily admission frequency (1.45/day) followed by August (1.28/day), September (0.99/day), and June (0.96/day). Lowest daily admission frequency was obtained in November (0.47/day), February (0.45/day), December (0.4/day), and January (0.38/day).
The coldest month of the year was January, with a mean daily temperature of 2.56°C, followed by December (3.67°C), February (4.12°C), and March (7.8°C). The hottest month was July, with a mean daily temperature of 25.39°C, followed by August (24.52°C), June (21.5°C), and September (20.34°C).
Lowest monthly relative humidity was in August (33.13%), followed by July (35.87%), September (39.48%), and June (46.87%). The presentation rates were also highest in these months. Relative humidity was the highest in January (78.19%), December (75%), November (68.19%), and February (65.51%). The relationship between the humidity parameters and presentation rates is shown in figure 2 .
The standardized values of atmospheric pressure and water vapor pressure parameters and frequency of epistaxis are shown in figure 3. Atmospheric pressure was higher in winter months, whereas water vapor pressure was higher in summer months.
Air pollution values were higher for the winter and lower for the summer months. The relationship between the air pollution parameters and frequency of epistaxis is shown in figure 4 .
A positive correlation was observed between the frequency of epistaxis and both the average daily temperature and the difference between the maximum and minimum daily temperature. The correlation was negative between the epistaxis frequency and the average daily humidity, the difference between the maximum and minimum daily humidity, PM 10 , and SO 2 levels (p < 0.05).
When the mean daily temperature was divided into 10°C bands and average daily relative humidity was divided into 20% bands, the frequency of epistaxis was found to increase with low humidity and high temperature (figures 5 and 6). In terms of all variables calculated, statistical analysis revealed a significant difference in epistaxis frequency between the seasons (p < 0.01), with the incidence being highest in summer and lowest in winter. In the summer season, the average daily temperature and the difference between the maximum and minimum temperature was the highest, and the daily humidity and the difference between the maximum and minimum humidity was lowest.
Discussion
Epistaxis appears to have a bimodal age distribution. The peak ages of incidence are <18 years and >50 years. Nosebleeds tend to be more severe in the older population, whereas those in children and adolescents are more often minor and self-limited. 18 In adults, various underlying conditions such as allergic rhinitis, chronic sinusitis, coagulopathy, alcohol abuse, substance abuse, antihemostatic agent use (anticoagulant and/or antiplatelet medications), renal diseases, hereditary hemorrhagic telengiectasia, hematologic malignancies, and cardiovascular diseases including hypertension and congestive heart failure are associated with the incidence of epistaxis. 4, 18 Meteorologic factors and air pollution may not only affect the incidence of epistaxis but also are associated with at least some of those comorbidities such as hypertension. 19, 20 The incidence of the comorbidities that are associated with epistaxis also increases with age. Thus, it is difficult to distinguish the real effect of atmospheric conditions on epistaxis in a population that consists of both children and adults. Etiologic factors in pediatric epistaxis are not clearly understood. To our knowledge, the effect of atmospheric conditions and air pollution on childhood epistaxis has not been adequately studied.
In our study, we analyzed all patients presenting with epistaxis and excluded patients with coexisting pathologies. Our study population consisted exclusively of pediatric patients. Epistaxis is often bothersome and alarming for both parents and children so that parents may be more sensitive in seeking medical care, and therefore the presentation rates may differ from those of adults.
Childhood may be the more appropriate time to investigate the effect of atmospheric conditions on epistaxis, since most of the coexisting risk factors for epistaxis in adults that may also be affected by atmospheric conditions do not exist in children. Moreover, children are physiologically and metabolically less effective at adapting to changes in ambient humidity and other weather-related exposures and are more sensitive to climate changes compared with adults. .21 Results of the studies in the literature have shown variable effects of climatic conditions on the frequency of epistaxis. Sowerby et al found a negative correlation between the rate of epistaxis and temperature and no correlation between the epistaxis rate and humidity in a cold climate. 5 Muhammad et al found that low temperature and humidity increase the incidence of epistaxis in a climate that has mostly rainy seasons. 6 In a climate similar to that of our region, Kemal and Sen determined a positive correlation between the rates of epistaxis and temperature, and a negative correlation between rates of epistaxis and humidity, air pressure, and rainfall. 13 Other studies have not found a correlation between the ambient temperature and epistaxis presentation rate. 14 Increased incidence of upper respiratory tract infections in winter months has been suggested as the underlying reason for increased epistaxis admissions during the winter. 7 In our study, the difference between the maximum and minimum daily temperatures was highest in summer (12.77°C) and lowest in winter (8.1°C). Adaptation of nasal mucosa to fluctuations in daily temperature might lead to nasal dryness and crusting in children and may predispose to bleeding.
Particulate matter (PM) is the term for a complex mixture of organic and inorganic solid particles and liquid droplets found in the air. Particles <10 μm can penetrate farther into the lung and are considered more irritant. SO 2 is typically produced from the burning of coal and other sulfur-containing fossil fuels. Gasoline and diesel motor vehicles produce carbon monoxide (CO), nitrogen dioxide (NO 2 ), and PM. Ozone (O 3 ) is produced as a byproduct of these pollutants and is considered a long-range pollutant that is highly irritant to respiratory epithelium. 17, 22 We found a negative correlation between rates of epistaxis and PM 10 and SO 2 levels. One possibility for the negative correlation may be that PM 10 and SO 2 levels alone are not completely representative of air pollution. Another explanation may be that the duration and level of exposure to these air pollutants in children is not high. Meteorologic conditions can alter the intensity and the effects of air pollution. Bray et al and Zemek et al reported that the level of O 3 , which is another indicator of air pollution, is higher during summer, whereas the levels of most pollutants increase during cold weathers. 17, 22 O 3 levels are often higher in warmer weather because heat and sunlight increase O 3 formation. Children are at higher risk from O 3 exposure because they spend more time outdoors in warmer weather. 23 O 3 levels were not routinely measured in Konya, where our institution is located. However, a passive sampling method can infer the O 3 levels, which measured higher in summer than in winter for a 15-day period.
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The role of meTeorologic facTors and air polluTion on The frequency of pediaTric episTaxis Szyszkowicz et al found that high PM 10 and O 3 levels increased the risk of epistaxis, and the association between the epistaxis and the air pollution levels was stronger in older individuals and in women. 16 Bray et al also detected a relationship between PM 10 and O 3 levels and epistaxis, with no association found between NO 2 , CO, and SO 2 levels and the frequency of epistaxis. 17 Positive correlation between the air pollution and the epistaxis rates as shown in those studies may be the result of an indirect effect of air pollution on blood pressure and coagulation parameters. 16, 25 Our findings suggest that the frequency of epistaxis in children is greater in the summer and with low humidity. The incidence of posterior epistaxis or epistaxis associated with systemic conditions might be different or not show a seasonal variation pattern. High rates of epistaxis in the winter, as reported in the literature, might be a result of coexisting risk factors other than the low temperature or air pollution alone. Cultural and traditional factors and factors not directly related to atmospheric conditions, such as digital trauma, Staphylococcus aureus colonization, or undetermined coexisting pathologies also may vary in different populations and therefore may affect the frequency of epistaxis in children.
Conclusion
Atmospheric conditions and air pollution affect the frequency of epistaxis in children. Multicentric, population-based prospective studies covering different climatic conditions are needed to detect the exact effect of environmental factors on epistaxis rates.
